I n t r o d u c t io n
The study of the development of the anterior part of the vertebral column in the goldfish, Carassius auratus (L.), presents an interesting problem on account of the modification associated with the presence of the Weberian ossicles. Although much descriptive and anatomical work has been done on the Weberian ossicles, the early stages of their development have been described only by Nusbaum (1881) in the carp and by Matveiev (1929) in the rudd, who are by no means wholly in agreement with regard to the method of origin. Some difference of opinion also exists with regard to the existence of separate intercalary elements in the anterior part of the vertebral column of teleosts.
In this investigation of the development of the anterior vertebrae and Weberian ossicles of the goldfish it has been my endeavour to elucidate these points.
The young stages of the goldfish were reared in open-air ponds at Beam Brook, Newdigate. Experiment showed th at length was a better criterion of degree of development than age, so larvae of various sizes were obtained by using fine-meshed nets in the breeding ponds. The study of the develop ment was made entirely by means of sections. The young fish were em bedded by the benzol-wax method and the sections were stained in Delafield's haematoxylin. All sections were examined by the preparation of camera-lucida drawings, graphic reconstructions and photographs.
T h e d e v e l o p m e n t of t h e a n t e r io r v e r t e b r a e Immediately upon hatching the young fish is 3-4 mm. in length, and the vertebral column is represented only by the notochord and its sheaths. By the 8 mm. stage the basidorsals and basiventrals of the first five vertebrae [ 452 ] are present, but the independent mesenchymatous rudiments which con tribute to the formation of the Weberian ossicles do not appear until the 10 mm. stage.
The first vertebra
The anterior vertebrae are separated from the musculature by the saccus paravertebralis. In the adult no neural arch corresponds to this vertebra, and in the 11 mm. stage the spinal cord is surrounded by a peculiar ring of cartilage which is continuous anteriorly with the cranial cartilage ( fig. 1 ).
F ig . 1. D iag ra m m atic tra n sv e rse section in th e region o f th e first v e rte b ra o f a 12 m m . goldfish to show th e ru d im e n ts of th e c la u stru m a n d scap h iu m . (The p arapophyses are n o t show n since th e y do n o t lie in th e p lan e of th e section.)
The thickened base of this ring of cartilage lies between the notochord and the spinal cord and extends up on either side of the latter so th at in cross-section the cavity appears to be semicircular. It arises independently of the rest of the first vertebra and can be traced forwards into the skull where it becomes flattened out and forms the roof of the cavum sinus imparis. I t may represent a non-bony extension of the exoccipitals. Just in front of the first vertebra it narrows and the atria of each side pass below' it and unite to form the sinus impar. In the adult the base of the ring becomes converted into fibro cartilage in the vertebral region and forms a kind of pad between the spinal cord and the centrum. In the skull region it becomes ossified into a thin plate of bone, roofing over the cavum sinus imparis.
The claustrum rudiment and the scaphium rudiment are present in this region, and th at part of the basidorsal of the first vertebra which would normally give rise to the neural arch becomes part of the scaphium rudi ment by fusion with the independent mesenchymatous anlage of the concha stapedis (figs. 1, 2, 5).
The lower arch or basiventral of a vertebra may give rise either to a parapophysis, which is lateral or ventrolateral in position, or to a haemapophysis, which is ventral in position, or to b o th ; and either or both of these structures
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F ig . 2 . D ia g ra m m a tic f ro n ta l se ctio n o f th e reg io n o f th e first tw o v e rte b ra e in a 12 m m . goldfish to show th e fib ro c artilag e p a d , th e ru d im e n ts o f th e scap h iu m a n d th e in te rc a la riu m , a n d th e tip s of th e " tra n sv e rse p ro c e sse s" o f th e first v e rte b ra .
may be cartilaginous or mesenchymatous. Both occur in the typical trunk vertebrae of the goldfish and both are present in the first vertebra. The parapophyses are massive lateral blocks of cartilage while the haemapophyses are small mesenchymatous processes of the ventral surface of the centrum (11 mm. stage). Lying toward the anterior margin of the centrum and proceeding out wards from the cartilaginous parapophyses are the so-called " transverse processes " which are mesenchymatous in the 11 mm. stage but later undergo ossification. In the adult they are firmly fused to the centrum proximally while distally they penetrate the myotomes. The homologies of these processes have been much disputed. Their structure indicates that they are ribs, and their position, attached to the middle of the centrum and pene trating the muscles, points to homology with the dorsal or upper ribs of Polypterus (Budgett 1902) and of Esox and other teleosts (Goodrich 1930) (figs. 1, 2).
Second and third vertebrae
In the 11 mm. stage 'the developing centra of the second and third vertebrae are distinct and separate, with corresponding sets of cartila ginous arcualia. The arcualia of the second vertebra contribute to the intercalarium rudiments while the arcualia of the third vertebra contribute to the tripus rudiments. Above these vertebrae lies a large mass of cartilage which, in the adult stage, when the centra of the second and third vertebrae have fused, becomes ossified to form the neural spine and arches of the ----SC F ig . 3. R e co n stru c tio n from sa g itta l sections o f th e a n te rio r v e rte b ra l region in a 12 m m . goldfish, illu stra tin g th e form of th e ru d im e n ts o f th e W e b eria n ossicles a n d th e ir rela tio n sh ip s to th e o th e r s tru c tu re s in th is region.
" compound" vertebra. The basidorsal of the fourth vertebra is fused with this mass, as is also part of the basidorsal of the second vertebra. The absence of interspinous bones corresponding to the first three vertebrae, whether as rudiments or in the adult stage, indicates th at these also are probably fused into the mass early in ontogeny. This structure therefore probably represents the fused neural spines and basidorsals of the second, third and fourth vertebrae together with the first three interspinous bones and possibly the neural spine of the first vertebra ( fig. 3 ).
In the adult stage the centra of the second and third vertebrae become fused so as to form one large amphicoelous centrum, above which the cartilage mass develops into the compound neural arch and an enormous neural spine anteriorly, to which is closely applied, posteriorly, a much smaller neural spine belonging to the fourth vertebra. From the anterior margin of the compound vertebra, i.e. the true second vertebra, arises a pair of processes similar to and homologous with the " transverse processes " of the first vertebra.
Fourth vertebra
The fourth vertebra is less modified than its predecessors and in the adult stage is typical, except th at the ribs are shorter and th at a pair of triangular processes arise from the ventral surface. In the 12 mm. stage it is clear that the ribs, which have been sometimes referred to as " transverse processes", are true pleural ribs, since proximally they are formed from the basiventrals, while distally they are composed of strands of mesenchyme similar in form and position to those which give rise to the ribs further back; moreover, they pass below the musculature.
The rudiments of the ossa suspensoria are visible in the 11 mm. stage as narrow strands of mesenchyme sloping forwards and downwards from their point of origin, the perichordal sheath on the ventral side of the developing fourth centrum (fig. 4 ). These structures resemble the haemapophyses of the first vertebra in form and origin and are undoubtedly homologous with them.
Summary table
The following table indicates the fate of the various rudiments of the anterior vertebrae: V e rte b ra B asid o rsal P a ra p o p h y sis H aem ap o p h y sis 1 S cap h iu m B ase o f " tra n sv e rse P re se n t p ro c e ss" 2 C artilage m ass a n d B ase o f " tra n sv e rse P re sen t in te rc a la riu m p ro c e ss" 
5
T y p ic al n e u ra l a rc h H e a d o f rib P re se n t a n d spine Note. T h e cartila g e m ass referre d to in th e ta b le ab o v e gives rise, as h as been p o in te d o u t, to th e n eu ra l arches a n d spines o f th e second, th ird a n d fo u rth v erte b ra e. T he p a rtic ip a tio n o f th e b asid o rsal o f th e second v e rte b ra w as n o t d e te c te d in th e young stages, b u t w as in ferred b y reaso n o f th e fa c t th a t th e second v e rte b ra does possess a n e u ra l arc h , u n lik e th e first v e rte b ra , a n d since t h a t n eu ra l arc h does o riginate from th e cartila g e m ass.
T h e d e v e l o p m e n t of t h e W e b e r ia n o ssic l e s In the 11 mm. stage the rudiments of the Weberian ossicles are present but fusion of parts has not yet begun, so th at interpretation is facilitated.
Claustrum
The claustrum rudiment lies between the first and second vertebrae, and slightly overlaps both. In the anteroposterior direction it is co-extensive with the scaphium. I t occupies the same position and has much the same form as in the adult. I t arises from an accumulation of mesenchyme cells that become directly ossified, and forms the upper part of the inner wall of the atrium sinus imparis, the lower part being formed by a thin sheet of mesenchyme which extends downwards to join the block of cartilage lying below the spinal cord. Ventrolaterally the claustrum rudiment is attached to the scaphium rudiment by a thin sheet of mesenchyme while dorsally it is joined by mesenchyme to the vault of cartilage which lies over the spinal cord (figs. 1, 3, 5) . Scaphium
Ju st below the claustrum rudiment, a circular accumulation of loose mesenchyme cells appears in the 10 mm. stage. I t is entirely independent of the vertebral structures in this region at first. I t lies in a parasagittal plane and later becomes ossified to form the concha stapedis. The carti laginous basidorsal of the first vertebra, lying just behind the mesenchyme rudiment of the concha stapedis, becomes fused with this rudiment in the 11 mm. stage. The basidorsal then projects dorsally and ventrally beyond the margin of the circular mesenchymatous mass and later gives rise dor sally to the ascending process and ventrally to the articulating process. As development proceeds the whole scaphium rudiment becomes ossified and forms a unified structure showing no trace of its dual origin (figs. 1-3).
To the outer surface of the concha stapedis rudiment becomes attached the interossicular ligament which passes backwards, downwards and out wards to become attached posteriorly to the basiventral of the third vertebra.
Intercalarium The intercalarium first appears in the 12 mm. stage as a direct ossifica tion in the interossicular ligament quite close to the concha stapedis rudi ment. I t projects beyond the ligament on the inner side, has an oblong form and lies at an angle of about 45° to the sagittal plane with the anterior end outwardly directed. This ossification becomes the manubrium incudis. Opposite to it lies the cartilaginous basidorsal of the second vertebra, with which it fuses later (15 mm. stage), the whole intercalarium becoming ossified to form a unified structure revealing no trace of its dual origin. The basidorsal of the second vertebra gives rise to the articulating and ascending processes of the intercalarium (figs. 3, 5, 6).
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F i g . 4 . D ia g ra m m a tic tra n sv e rse se ctio n in th e reg io n o f th e th ir d v e rte b ra to show th e ru d im e n ts o f th e ossa su sp en so ria, th e trip u s a n d th e n eu ra l arch a n d spine (12 m m . stage).
In two families, the Cobitidae and the Siluridae, the intercalarium does not articulate with the vertebral column, but retains its independence as a nodule of bone embedded in the interossicular ligament. The basidorsal of the second vertebra therefore does not participate in the formation of the intercalarium in this case. Thus the adult condition in these families cor responds to the embryonic condition in the goldfish and therefore must be considered primitive. Tripus
The basiventral of the third vertebra is a prominent mass of cartilage which projects into the saccus paravertebralis ( fig. 4) , and is attached anteriorly to the interossicular ligament. Its distal end is formed of mesen chyme which becomes ossified later (15 mm. stage) and curves downwards and inwards to become attached to the outer coat of the anterior wall of the air-bladder. This is the principal rudiment of the tripus, the cartilaginous basiventral giving rise to the anterior process and the articulating process F ig. 5. R e co n stru c tio n from fro n ta l sections of th e a n te rio r v e rte b ra l region in a 12 m m . goldfish, illu stra tin g th e m e th o d of fo rm a tio n o f th e W eb erian ossicles a n d th e relatio n sh ip s of th e ir ru d im e n ts to th e a ir-b la d d e r a n d th e v e rte b ra l colum n.
while the distal mesenchymatous.rudiment gives rise to the transformator process. In the 15 mm. stage the transformator process is added to by an ossification arising in the outer coat of the anterior chamber of the airbladder, while an ossification in the interossicular ligament similar to that which gives rise earlier to the manubrium incudis contributes the tip of the anterior process. n §g (« F ig. 6. D iag ram m atic tra n sv e rse sectio n o f th e reg io n o f th e second v e rte b ra in a 12 m m . goldfish to show th e ru d im e n ts o f th e in tercalaria.
F ig . 7. Side view o f th e b ac k o f th e sk u ll a n d th e a n te rio r v erte b ra e in a n a d u lt goldfish to show th e p ec u lia r sp a tia l relatio n sh ip s o f th e W e b eria n ossicles a n d th e ir co nnexion w ith th e air-b la d d er.
Between the basiventrals of the third and fourth vertebrae (11 mm. stage) lies a mass of mesenchyme which is attached to the third basiventral and leads towards the fourth basiventral. This mass later becomes ossified and forms the mass of bone which lies between the proximal end of the transformator process and the articulating process in the fully formed tripus. In the 25 mm. stage, when ossification is complete, it has a fibrous appearance and forms a strut increasing the rigidity of the whole ossicle, holding apart the articulating process and the transformator process which might other wise become pressed against one another, and converting the tripus into a massive and rigid rather than a thin and elastic structure (figs. 3, 5) .
Fusion of the various skeletal elements forming the Weberian ossicles does not become complete until the 20 mm. stage. The following table indicates the nature of the various rudiments th at go to make up the Weberian ossicles:
Weberian ossicles and anterior vertebrae in the goldfish 461 In discussing the question of the homologies of the various components of the vertebral column much emphasis has been laid by earlier investi gators on the tissue of which the structure is composed, whether cartilage or mesenchyme. Matveiev (1929) and Schauinsland (1903 Schauinsland ( , 1906 , however, have shown clearly that similar skeletal structures may be composed either of cartilage or of mesenchyme in different regions of the same animal or in different animals. Thus in the pike ( EIndus) laginous while the basiventrals are mesenchymatous. Further, in the Clupeidae the arcualia are cartilaginous whereas in the Gadidae they are mesenchymatous. This point is of importance in discussing the homologies of the anterior vertebrae and the components of the Weberian ossicles in the goldfish.
Several authors, notably Matveiev (1929) and Ramanujam (1929) , have claimed th at dorsal intercalaries occur in the anterior part of the vertebral column in Teleostei. Faruqi (1935) , however, has shown th at Ramanujam's claim to have found dorsal intercalaries in the first two vertebrae of the herring ( Clupeaharengus) is based on misinterpretation. Matveiev's claim is more serious. He considers the dorsal arch in Cyprinidae to be double and indicates in his diagrams of the young stages of the rudd ( erythrophthahnus) a very marked division into basidorsal and dorsal inter calary. He maintains th at in the first three vertebrae there are isolated dorsal intercalaries, while in the posterior vertebrae the dorsal intercalary has become fused with the basidorsal so th at only one dorsal arch appears. He interprets this phenomenon in the following w ay: the double condition of the dorsal arch in fish is a primitive condition which has been lost in the majority of Teleostei; in the Cyprinidae there is secondary recapitulation of the double condition of the arches in the anterior vertebrae because of the presence of the Weberian apparatus, the development of which delays the fusion of the dorsal intercalaries and the basidorsals, which normally takes place very early in ontogeny.
In the goldfish there is no trace, in any stage, of such division in the dorsal arches of the anterior vertebrae. Careful examination of the early stages when the arches are developing from the perichordal sheath failed to reveal more than one pair of dorsal accumulations of mesenchyme per vertebra. Some degree of recapitulation certainly occurs in connexion with the anterior vertebrae, since the basiventrals are cartilaginous in this region, although mesenchymatous further back as in the pike, but no separate dorsal intercalaries occur.
Since it is improbable th at the teleostean vertebral column is primitively monospondylous it seems possible th at the posterior zygapophysis may represent a dorsal intercalary, originating as it does from an accumulation of perichordal sheath cells like the basidorsal. Its late development would account for the fact th at it is directly converted into bone and its position at the posterior edge of the developing centrum is not inconsistent with homology with a dorsal intercalary.
The vertebral column of the goldfish shows a condition intermediate between that of the cod, in which the arcualia are all mesenchymatous, and that of the herring, in which they are all cartilaginous; the dorsal arch rudiments being cartilaginous and the ventral arch rudiments mesen chymatous (as in the rudd and the pike). Only in the first five vertebrae do cartilaginous basiventrals occur, a form of recapitulation due to the develop ment of the Weberian ossicles. The presence of the Weberian apparatus is always correlated with con siderable modification in the anterior vertebrae of Ostariophysi which has been described in great detail in the majority of genera, in particular by Bridge and Haddon (1890 , 1892 , 1893 , by Chranilov (1926 Chranilov ( , 1927 Chranilov ( , 1929a and by Adams (1928) ; and there has been much speculation, based mainly on comparative anatomy, as to their homologies.
Above the first vertebra lies a mass of cartilage which extends backwards to the intervertebral region between the third and fourth vertebrae. Matveiev considers it to be formed by the fusion of the first three interspinous bones with the neural spines of the first three vertebrae. Nusbaum considers it to be a part of the skull. Over this point I am in partial agree ment with Matveiev and in total disagreement with Nusbaum. My sections showed clearly that there is no connexion between this structure and the skull and that it is contributed to by the basidorsals of the second, third and fourth vertebrae. The interspinous bones probably also contribute to it since there is no trace of them elsewhere. As has been shown, it gives rise to the neural arches and neural spines of the second, third and fourth vertebrae in the adult stage. I cannot agree with Matveiev when he states that the first vertebra takes part in the formation of this cartilage mass, my sections showing clearly that the basidorsal of the first vertebra forms part of the scaphium.
In the 11 mm. stage the spinal cord is surrounded in the region of the first vertebra by a peculiar ring of cartilage. Matveiev is the only author to refer to this structure but is unable to say what it represents. I have been able to show that it is probably an extension of the exoccipitals.
The homologies of the so-called " transverse processes" of the first and second vertebrae have aroused a great deal of controversy. Matveiev discusses them at considerable length but does not come to any definite conclusion about them. They are certainly not transverse processes or diapophyses since they proceed from the centrum while true diapophyses proceed from the neural arch and are in any case more characteristic of Tetrapoda than of Teleostei. I am of opinion that they are dorsal ribs since their origin and structure in the larva is similar to that of the dorsal or upper ribs of the pike and some other teleosts.
Matveiev makes no reference to the fusion of the second and third centra to form the " compound" vertebra. In the oldest stage which he studied the fusion had not yet commenced. Bloch (1900 Bloch ( , 1916 , however, in describing the anterior vertebrae of the loach ( barbatulus) refers to the fact th at the second and third vertebrae are inseparably fused. There is no doubt th a t in the goldfish the apparent second vertebra of the adult is formed by the fusion of the second and third centra during ontogeny.
Much doubt has been cast by earlier investigators on the homologies of the ribs of the fourth vertebra. Many have considered them to be trans verse processes, presumably since they are more firmly attached to the centrum than the ribs of the posterior vertebrae and are shorter and stouter. Sections of the adult and of larval goldfish show th at both in structure and development these processes are homologous with the pleural ribs of the posterior vertebrae.
The ossa suspensoria are believed by Bloch (1916), Sorenson (1890 Sorenson ( , 1895 ) and W right (1884, 1885) to be modified transverse processes (i.e. parapophyses) while Weber, Muller, Nusbaum, Sagemehl and Chranilov believe them to be ribs. Since true ventral ribs have already been shown to be present in this vertebra it is obvious th a t the ossa suspensoria cannot represent ribs. Nor do the parapophyses take part in the formation of the ossa suspensoria which are clearly homologous with the haemapophyses found in other vertebrae of the goldfish. This was also found to be the case by Matveiev in the rudd.
W ith respect to the mode of development of the Weberian ossicles, three theories have been put forward. Weber (1820), Treviranus, Saagman Mulder, Baer and Breschet and the older authors considered these ossicles to be homologous with the ear ossicles of mammals. St Hilaire (1824), Muller (1843), Beaudelot (1868), Sagemehl (1884a, 6, 1891), Bridge and Haddon (1893), Sachs (1912) , Nusbaum (1908 a, 6), Thilo (1908) , Chranilov (1929 a, 6), Grassi (1883) and Sidoriak (1898) believed the ossicles to be entirely derived from the anterior vertebrae. Sorenson, Bloch, Wright, Reis (1905) and Matveiev have held th a t the ossicles are derived in part from the ossification of ligaments and in part from the anterior vertebrae.
The development of the Weberian apparatus is a process of considerably greater complexity than was supposed by the earlier authors. From the time of its discovery by Weber in 1820 until the beginning of the present century, no one had investigated the appearance of the Weberian ossicles in the young stages of the Ostariophysi. It was tacitly assumed that the Weberian ossicles originated by the simple detachment of portions of the anterior vertebrae, and it was left to the comparative anatomist to decide the exact relationships of the different structures. As with the function, so with the development, until recently all theories were based on morphology only, which, as Bridge has remarked, is a singularly inaccurate guide, although an essential basis, for embryological and physiological theories.
Nusbaum, in 1908, working on the common carp ( was the first to undertake a real embryological study of the Weberian apparatus, and no further work was carried out in this direction until 1929, when Matveiev published a detailed account of the Weberian ossicles and anterior vertebrae in the young stages of the rudd ( erythrophthalmus). The claustrum or " einlager " has aroused considerable diversity of opinion as to its origin. Grassi and Sagemehl believed it to be derived from the skull; Beaudelot and Sorenson considered it to be derived from the interspinous bone of the first vertebra; Wright and Bloch considered th at it was derived from the supradorsal of the first vertebra; while Kindred believed it to be an intercalated cartilage.
I am in agreement with Kindred (1919) in believing the claustrum to be an intercalated structure. Kindred, however, states that in the horned pout (Amiurus nebulosus) the claustrum is of cartilaginous origin whereas in the goldfish I find it to be mesenchymatous.
The majority of investigators are agreed th at the scaphium, so-called " stapes" or " deckel", represents a modified part of the neural arch of the first vertebra. In the goldfish, however, the scaphium clearly arises from twT o rudiments-the basidorsal of the first vertebra and an independent accumulation of mesenchyme, the former giving rise to the articulating and ascending processes, the latter to the concha stapedis. Matveiev attributes a similar dual origin to the scaphium in the rudd.
By most investigators the intercalarium, so-called " incus" or " lenker", is attributed to the neural arch of the second vertebra. Sorenson, however, considers it to be derived from the rib of the second vertebra, while Matveiev believes that it is formed by the fusion of an independent mesenchymatous rudiment with the neural arch of the second vertebra. In the goldfish the intercalarium arises from an independent ossification formed in the interossicular ligament which fuses with part of the basidorsal of the second vertebra. The former gives rise to the manubrium incudis, the latter to the articulating and ascending processes.
The origin of the tripus, so-called " malleus" or " hebel" has, like that of the claustrum, aroused considerable diversity of opinion. Sagemehl, Bridge and Haddon, Bloch, Reis and Sachs believe it to be derived from the rib of the third vertebra, while Grassi attributes it to the transverse process of the third vertebra. Sorenson holds that it is derived from the rib of the Vol. cxxvii. B third vertebra together with an ossified ligament. Wright believes that it represents the rib of the third vertebra together with an ossification of the outer wall of the anterior chamber of the air-bladder. Muller and Nusbaum hold th at it is derived from the rib of the third vertebra together with its transverse process (parapophysis), while Matveiev attributes it to the fusion of an ossified ligament lying between the lower anterior arches together with the ribs of the second and third vertebrae and the transverse process of the third vertebra.
The development of the tripus in the goldfish does not lend complete support to the theory of any previous investigator. The bulk of the tripus rudiment is formed by the fusion of the basiventral of the third vertebra with a distal rod-like mesenchymatous extension thereof; in other words by the parapophysis and pleural rib of the third vertebra, the former giving rise to the articulating process, the latter to the transformator process. Uniting the articulating and transformator processes is a mass of mesen chyme which has not been described by any previous investigator. Of structures like the " transverse processes" of the first and second vertebrae there is no trace in the third vertebra. The transverse processes referred to by Grassi, Muller and Nusbaum are the parapophyses. I cannot agree with Matveiev when he states th a t the second vertebra contributes to the tripus, an opinion in which he is alone. In the later stages (15-25 mm.) the trans formator process is contributed to by an ossification in the outer wall of the anterior chamber of the air-bladder, while the anterior process is contributed to by an ossification in the interossicular ligament similar to th at which forms the manubrium incudis. The tripus, therefore, is an ossicle of complex origin.
Previously it has been considered th at the indirect system of the Weberian apparatus which is found in the Cyprinoidea (in which the intercalarium articulates with the vertebral column and the tripus possesses a transfor mator process which reverses the direction of motion of the chain) is more primitive than the direct system which is found in Siluroidea (in which the intercalarium does not articulate with the vertebral column and the tripus lacks a transformator process, so th at the direction of motion of the chain is in the same sense as the movements of the wall of the air-bladder). The direct system has been considered as a degenerate form of the indirect system. The mode of development in the goldfish, however, is not consistent with such a theory. The condition of the intercalarium rudiment and the tripus rudiment in the young stages of the goldfish in particular, and pre sumably of the Cyprinoidea in general, closely resembles the condition of the intercalarium and tripus in many adult Siluroidea. It is therefore reasonable to suppose that the direct system of the Weberian apparatus is more primitive than the indirect system and th at the latter has evolved from the former.
Apart from these facts the de velopment of the Weberian ossicles in the goldfish throws but little light on the development of the Weberian apparatus in time, since the apparatus has become special ized and it first appears very early in ontogeny. In all probability a study of its developmental history in some of the more primitive Ostariophysi, in particular the Characinidae, the condition of the anterior vertebrae of which is much less abnormal, would throw more light on the question.
It is, perhaps, not out of place to add a few words on the function of these ossicles. Of the various the ories put forward, recent experi mental work has amply confirmed the one which postulates that they are a mechanism for the reception of vibrations. H. M. Evans (1925) , working on several species of Cyprinidae, has shown that the method of attachment of the air-bladder to the tripus is such as to render it a peculiarly delicate mechanism for the purpose of recording rapidly recurring movements of small am plitude . The tip of the transformator process of each tripus is attached anteriorly to the ossa suspensoria by a small triangular muscle con-B F ig . 8. D iag ram to show th e relationship betw een th e air-b lad d er, th e W eberian ossicles a n d th e in tern al ear (m odified from C hranilov.) si sting of unstriated fibres and known as the tensor tripodis, posteriorly to the outer wall of the air-bladder. The system of ossicles is thus a rigid whole held in place by the tensor tripodis, which immediately pulls the tip of the tripus back into its original position after movement of the air-bladder wall has caused it to be displaced. Vibrations are therefore transmitted by changes of tension, not, as in the auditory ossicles of mammals, by impact.
A necessary condition for the successful reception of vibrations by the anterior part of the air-bladder (termed by Chranilov the " Weberian aircham ber") would be th a t the pressure of the contained gas should be kept at a certain uniform level. The ductus communicans between the Weberian air-chamber and the air-bladder proper is innervated by a special branch of the vagus nerve which forms a complex plexus surrounding the ductus. Also surrounding the ductus, and connected with the nerve plexus, is a powerful sphincter muscle. The nerve plexus receives afferent fibres from the walls of the posterior sac, and Evans' experiments have shown that change of pressure in the posterior sac causes immediate reflex closing of the sphincter. Hence the pressure in the Weberian air-chamber is main tained at a uniform level which enables it to respond to vibrations. The ganglion and sphincters function as a mechanism for maintaining a uniform pressure in the Weberian air-chamber, a conclusion which has been fully borne out by later experiments by Evans and Damant (1928) .
While Evans has shown th at the Weberian apparatus could, in fact, function as an effective mechanism for the transmission of vibrations from the air-chamber to the inner ear, it is to Kuiper (1915) and von Frisch (1936) th at we are indebted for demonstration of the fact th at it does indeed so act. The experiments of Kuiper have shown th at destruction of the Weberian apparatus results in fish of the order Ostariophysi ceasing to respond to any extent to vibrations, while continuing to respond to other types of stimuli. Von Frisch has demonstrated experimentally th at the sacculus and lagena of the ear in Cyprinidae and Siluridae is specially adapted for the reception of sound vibrations conveyed to it by the Weberian chain, and that both range of hearing and ability to discern tones is highly developed. His experiments proved, not only th at the Ostariophysi have a sensitivity to sound stimuli little inferior to th at of man, but also th at they are much superior in this respect to those fish which lack a Weberian apparatus.
I wish to acknowledge my very great indebtedness to Professor E. W. MacBride, not only for suggesting the subject of this research, but also for constant encouragement and advice. My thanks are also due to AssistantProfessor H. R. Hewer and Dr J. R. Norman for criticism and suggestions, to Mr T. L. Green for help in regard to technique, and to Mr L. Haig for his assistance in rearing the fish.
Summary
The early stages of the development and formation of the anterior ver tebrae and Weberian ossicles in the goldfish (Carassius auratus) are de scribed from the time of hatching till the adult condition is acquired at 25 mm. and it is concluded that:
(1) The spinal cord in the region of the first vertebra (which lacks a neural arch) is partly enclosed by a backward extension of the exoccipitals.
(2) The basidorsals of the second (part only), third and fourth vertebrae fuse with the first three interspinous bones to form a massive arch of cartilage which later gives rise to the neural arches and spines of the compound vertebra and the fourth vertebra.
(3) The " transverse processes" of the first and second vertebrae are dorsal ribs.
(4) The centra of the second and third vertebrae fuse to form a compound centrum.
(5) The ossa suspensoria are modified haemapophyses.
(6) The claustrum arises as a direct ossification of the connective tissue forming the wall of the atrium sinus imparis.
(7) The scaphium arises in part from the basidorsal of the first vertebra, in part from an independent mesenchymatous rudiment .
(8) The intercalarium arises in part from the basidorsal of the second vertebra and in part from an ossification in the interossicular ligament.
(9) The tripus arises in part from the basiventral of the third vertebra and in part from an independent mesenchymatous rudiment, together with a small ossification of the interossicular ligament and a small ossification of the outer coat of the air-bladder.
(10) The condition of the embryonic Weberian chain in the goldfish is so similar to the adult condition in the Siluroidea that in all probability the indirect cyprinoid system has evolved from the direct siluroid system. -1927 B e itra g e zu r K e n n tn is des W eb ersch en A p p a ra te s d er O stariophysi.
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